Introduction: We previously reported results of our on-line microsurgery training program, showing that residents who had access to our website significantly improved their cognitive and technical skills. In this study, we report an objective means for expert evaluators to reliably rate trainees' technical skills under the microscope, with the use of our novel global rating scale. Methods: ''Microsurgery Essentials'' (http://smartmicrosurgery.com) is our on-line training curriculum. Residents were randomly divided into 2 groups: 1 group reviewed this online resource and the other did not. Pre-and post-tests consisted of videotaped microsurgical sessions in which the trainee performed ''microsurgery'' on 3 different models: latex glove, penrose drain, and the dorsal vessel of a chicken foot. The SMaRT (Stanford Microsurgery and Resident Training) scale, consisting of 9 categories graded on a 5-point Likert scale, was used to assess the trainees. Results were analyzed with ANOVA and Student t test, with P less than 0.05 indicating statistical significance. Results: Seventeen residents participated in the study. The SMaRT scale adequately differentiated the performance of more experienced senior residents (PGY-4 to PGY-6, total average score = 3.43) from less experienced junior residents (PGY-1 to PGY-3, total average score = 2.10, P G 0.0001). Residents who viewed themselves as being confident received a higher score on the SMaRT scale (average score 3.5), compared to residents who were not as confident (average score 2.1) (P G 0.001). There were no significant differences in scoring among all 3 evaluators (P 9 0.05). Additionally, junior residents who had access to our website showed a significant increase in their graded technical performance by 0.7 points when compared to residents who did not have access to the website who showed an improvement of only 0.2 points (P = 0.01). Conclusions: Our SMaRT scale is valid and reliable in assessing the microsurgical skills of residents and other trainees. Current trainees are more likely to use self-directed on-line education because of its easy accessibility and interactive format. Our global rating scale can help ensure residents are achieving appropriate technical milestones.
T here is no consensus on a single validated method to assess the microsurgical skills of residents and trainees. There are several models of microsurgery education available: case logbooks, selfassessment, direct subjective observation, and observation with grading. Logbooks record residents' presence in the operating room, recording only exposure to the microsurgery procedures, and does not measure competency. Direct observation by expert surgeons in the operating room can be quite subjective, where the resident must wait for the senior surgeon to say they are ''ready.'' With constraints in the resident workweek, and the need for patient safety, a validated assessment scale is needed to ensure appropriate progression of training of our residents.
To address the shortcomings of the traditional model, simulators have been developed in other surgical fields such as laparoscopy, urology, obstetrics, and vascular surgery, which have been utilized to train residents and students in a safe, controlled, risk-free setting. 1Y3 Positive, valid outcomes have been achieved using global rating scales and checklists in objective structured assessments of technical skills in some specialties. 4 In particular, global rating scales have been shown to be quick, efficient, valid, and reliable. 5Y7 We have previously reported the effectiveness of our on-line microsurgery curriculum. 8 The goal for the current study was to determine the validity and reliability of our novel microsurgery global rating scale, which we refer to as the Stanford Microsurgery and Resident Training (SMaRT) scale in evaluating resident performance.
METHODS
A webpage for microsurgery education, entitled ''Microsurgery Essentials'', was developed at our institution as previously described, 8 and it is publicly available at http://smartmicrosurgery.com. The on-line curriculum includes 4 sections entitled Preparation, Practice Models, Suturing, and Intra-Operative. The online modules contain descriptions on instruments, suturing, and the basic essentials on microsurgical technique.
The experimental assessment of the residents was conducted in a fashion that was previously described. 8 All residents had a brief introductory didactic session, and a baseline written pre-test and baseline microscope recording session. Residents were then randomly divided: one group had access to the online resource over a 1-week time period, and the other group did not. Post-tests were then administered, consisting of a written quiz and a microsurgical session.
The video session consisted of the trainee performing ''microsurgery'' on 3 models of increasing fidelity: a latex glove model, a penrose drain, and the dorsal vessel of a chicken foot ( Fig. 1 ). Each resident placed 3 interrupted 10.0 nylon sutures without direct guidance. The latex glove model was created by applying a piece of a latex glove over a cutout portion of cardboard. The chicken foot dorsal vessel was dissected and utilized as previously described. 9 The sessions were then recorded, and the videos were de-identified and uploaded onto our on-line database.
Microsurgery videos were then critically evaluated by expert evaluators who were blinded to subjects' level of training. The global rating scale used in the assessment of residents is detailed in Table 
RESULTS
A total of 17 residents were included in this study, representing all years of the program from post-graduate year (PGY) 1 through 6. Nine residents were randomized to have access to the ''Microsurgery Essentials'' website, while the remaining 8 residents did not.
Validity of the SMaRT Scale
Senior residents, PGY 4 through 6 were scored higher on the SMaRT scale than junior residents (PGY 1-3), receiving scores of 3.4 compared to 2.1, respectively (P G 0.001), as seen in Figure 2 . Additionally, residents with more experience were scored higher on the SMaRT scale, with residents having performed more than 10 previous micro-anastomoses receiving an average score of 3.5 compared to a score of 2.3 among those residents who had performed less than 10 previous micro-anastomoses (P = 0.02), as seen in Figure 3 .
Residents were asked to rate their level of confidence in performing microsurgery. As illustrated in Figure 4 , residents who perceived themselves as being confident received a higher score on the SMaRT scale (average score 3.5), compared to residents who were not as confident (average score 2.1, P G 0.001). When correlated with their written pre-test performance as seen in Figure 5 , residents who scored well on their written test (receiving a minimum score of 80% correct) were also scored higher on the SMaRT scale, receiving an average score of 3.7 compared to 2.5 among those residents who received a written pre-test score of less than 80% (P = 0.03).
Reliability of the SMaRT Scale
Inter-rater reliability was assessed for the SMaRT scale. As illustrated in Figure 6 , for a given PGY-6 resident (red bars), the average SMaRT score were similar among all of the 3 evaluators: 3.4, 3.9, 3.3 (P 9 0.05). Similarly, for a given PGY-1 resident (blue bars) the average SMaRT score was similar among all of the 3 evaluators: 1.2, 1.0, 1.4 (P 9 0.05). Overall, there was no statistically significant difference in scoring among all of the 3 expert evaluators.
Assessing Improvement With the SMaRT Scale
Residents who had access to the online curriculum showed improvement in their average SMaRT scores. Those who had access to the website had a 0.5-point increase in their average score when their technical performance was evaluated, compared to only a 0.3-point increase in the average score among residents who did not have access to the website as illustrated in Figure 7 . Further subanalysis in Figure 8 showed that junior residents who used the online curriculum had a greater improvement in their SMaRT score (average increase of 0.7 points) compared to senior residents who had an increase of only 0.2 points in their SMaRT score (P G 0.001).
DISCUSSION
We have previously reported on the effectiveness of our on-line microsurgery curriculum in improving the cognitive and technical performance of our residents. 8 We had shown that access to the website improved performance on written test knowledge base assessment and improved the time required to complete a defined microsurgical task. In the current study, we demonstrate the validity and reliability of our global rating scaleVthe SMaRT scaleVin assessing residents' microsurgical technical ability, and documenting improvement after completing a web-based curriculum.
A plethora of evaluation tools currently exist: case logbooks, self-assessment, direct observation without criteria, direct observation with criteria, animal models with criteria, non-animal models with criteria, hand motion analysis, and virtual reality models. 1Y4,10Y14 However, published data suggests that using direct observation with criteria is most helpful in giving feedback to the trainees to improve all aspects of microsurgical skill. 5, 7 Global rating scales provide a more thorough assessment of competence (ability to do something successfully), dexterity (skill in performing tasks), and validity (how closely the task resembles a real-life situation). 15, 16 Global rating scales, however, have the disadvantage of needing a senior member of the faculty to perform the assessment, which, we have noted, can be a time-intensive task. The ability to upload the videos on-line and allow the expert evaluators the ability to evaluate the videos at their convenience does ease the burden of reviewing these videos. Written and audio commentary from the evaluator can also be added to provide the trainee an individualized assessment of their performance.
Previous studies have shown microsurgical global rating scales are effective in assessing trainees. 6, 17 Temple et al had demonstrated their own UWOMSA (University of Western Ontario Microsurgical Skills Acquisition/Assessment) scale was reliable and valid in measuring residents' performance. 6 Our scale has additional components, and has been adapted and optimized to allow video assessment. Our scale was created by microsurgical experts based on factors deemed important for technical performance. Admittedly, our scale only assesses the performance under the microscope, while not thoroughly assessing the resident's performance outside of view, such as body positioning, microscope setup, and selection of instruments. Direct observation of the resident may be necessary to allow a more thorough assessment of the trainee.
The validity of our SMaRT scale was verified on multiple levels. A faster and shorter time to complete the microsurgical task, higher level of experience, better performance on a written test, and higher-perceived confidence all correlated with a higher SMaRT score. There are several other aspects of the trainee that may also contribute to improved technical performance. Previous studies have shown that visual-spatial aptitude can be a contributing factor to improved technical performance. 18, 19 However, adequate training can bring all residents to the same level as those residents who are innately gifted in visual-spatial aptitude. 19 Additional efforts can also be made to identify non-technical skills, such as ability to work in a team, collegiality, communication skills, professionalism, and knowledge, that play a role in surgical performance. 20 The resident's self-perception correlated with their SMaRT score. Residents who were confident in their abilities were found to have more previous experience. Thus, it seems the perception of confidence could be used as a reliable predictor for performing well. Our findings similarly corroborate with the results of Shanedling and colleagues who have shown the online perception of preparedness among orthopedic surgery residents were reliable markers for readiness to pass a cadaveric motor skills test of carpal tunnel release surgery. 21 Ultimately, we are working to determine if our SMaRT scale correlates with actual performance in the operating room. The residents in the present study were assessed in a controlled laboratory environment, with limited fidelity of the models. Further assessment of the patency of the anastomotic repairs in the chicken foot dorsal vessel can be made by injecting the vessel with saline, as we have previously described. 9 Previous studies have shown that evaluations in a simulationbased setting translate well to an actual OR environment. 14, 22 Assessment of our trainees while operating on real patients will be needed to provide an ultimate validation of our scale. In our program, we are working to establish a chronological, yearly assessment of the residents (from intern to chief year) to monitor improvement over the course of residency training. If any deficiencies are noted, steps can be made to help the trainee reach their expected level of technical performance. The goal is to ensure milestones are being met before operating on humans and before graduation from the program.
CONCLUSION
Our proposed curriculum involves an initial didactic session, followed by review of our on-line ''Microsurgery Essentials'' website, with subsequent video-recorded sessions under the microscope. The recordings are reviewed and evaluated by expert microsurgeons using the SMaRT (Stanford Microsurgery and Resident Training) scale, providing the trainee timely feedback. Our web-based curriculum with its associated global rating scale allows residents to practice microsurgery before stepping into the operating room, reducing frustrations for all involved, allowing a more efficient educational environment, and ensuring maximal safety for the patient.
